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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a fuel cell system which 
enables reduction of fixtures and fittings, and make the 
equipment as a whole more compact and of lower cost. 
SOLUTION: The system is provided with a control part, a start- 
up combustion part 7 for burning fuel gas by the supply of fuel 
gas and a first oxidant gas, a fuel cell 1 generating power by the 
supply of fuel gas and a second oxidant gas, and circulating 
tube paths 36-37-38-39-58-35 including the start-up 
combustion part 7 and the fuel cell 1 through which the above 
fuel gas can circulate. The control part executes the fuel cell 
system of supplying the above fuel gas burned in the start-up 
combustion part 7 to the fuel cell 1 through the circulating tube 
paths 36-37-38-39-58-35 and sending the fuel gas used by the 
fuel cell 1 back to the start-up combustion part 7. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the fuel cell system which said control section is said fuel gas which burned in said starting 
combustion section, and permutes the gas in said circulation duct by providing the circulation duct through 
which said fuel gas can circulate including the fuel cell which generates electricity, and said starting 
combustion section and said fuel cell by supply of a control section, the starting combustion section which 
burns said fuel gas by supply of fuel gas and oxidizer gas, and fuel gas and oxidizer gas. 
[Claim 2] Said fuel gas which said starting combustion section possesses the pilot combustion section which 
can burn small capacity, and permutes the gas in said circulation duct is a fuel cell system according to 
claim 1 which is gas by which said pilot combustion section burns and generates said fuel gas. 
[Claim 3] By supply of a control section, the starting combustion section which burns said fuel gas by 
supply of fuel gas and the 1st oxidizer gas, and said fuel gas and 2nd oxidizer gas The circulation duct 
through which said fuel gas can circulate is provided including the fuel cell which generates electricity, and 
said starting combustion section and said fuel cell. Said control section The fuel cell system which supplies 
said fuel gas which burned in said starting combustion section to said fuel cell via said circulation duct, and 
returns said fuel gas used with said fuel cell to said starting combustion section. 

[Claim 4] Based on the oxygen value said whose control section the concentration meter which measures the 
oxygen density of said fuel gas supplied to the fuel electrode side of said fuel cell is provided further, and is 
the service condition of said fuel cell, and as a result of [ of said concentration meter ] measurement, it is the 
fuel cell system according to claim 3 which controls said combustion in said starting combustion section. 
[Claim 5] Based on the fuel temperature value said whose control section the fuel temperature meter which 
measures the temperature of said fuel gas supplied to the fuel electrode side of said fuel cell is provided 
further, and is as a result of [ of said fuel temperature meter ] measurement, it is the fuel cell system 
according to claim 3 or 4 which controls combustion in said starting combustion section to fit in the range of 
the value which said fuel temperature value set up beforehand. 

[Claim 6] The air thermometer which measures the temperature of said 2nd oxidizer gas supplied to the air 
pole side of said fuel cell, The exhaust gas combustion section which heats the 2nd oxidizer gas with the 
combustion gas which burns and discharges said fuel gas used with said fuel cell and said 2nd oxidizer gas 
is provided further. Said control section A fuel cell system given in claim 3 thru/or any 1 term of 5 which 
controls combustion in said exhaust gas combustion section to fit in the range of the value which said air- 
temperature value set up beforehand based on the air-temperature value which it is as a result of [ of said air 
thermometer ] measurement. 

[Claim 7] The fuel temperature meter which measures the temperature of said fuel gas supplied to the fuel 
electrode side of said fuel cell, The air thermometer which measures the temperature of said 2nd oxidizer 
gas supplied to the air pole side of said fuel cell, The exhaust gas combustion section which heats the 2nd 
oxidizer gas with the combustion gas which burns and discharges said fuel gas used with said fuel cell and 
said 2nd oxidizer gas is provided further. Said control section So that the difference of said fuel temperature 
value and said air-temperature value may become below the value set up beforehand based on the fuel 
temperature value which it is as a result of [ of said fuel temperature meter ] measurement, and the air- 
temperature value which it is as a result of [ of said air thermometer ] measurement The fuel cell system 
according to claim 3 or 4 which controls combustion in said starting combustion section, and combustion in 
said exhaust gas combustion section. 

[Claim 8] Based on the fuel pressure value said whose control section the fuel pressure gauge which 
measures the pressure of said fuel gas supplied to the fuel electrode side of said fuel cell is provided further, 
and is as a result of [ of said fuel pressure gauge ] measurement, it is a fuel cell system given in claim 3 
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thru/or any 1 term of 7 which controls the flow rate of said fuel gas to fit in the range of the value which said 
fuel pressure value set up beforehand. 

[Claim 9] Based on the air pressure value said whose control section the air manometer which measures the 
pressure of said 2nd oxidizer gas supplied to the air pole side of said fuel cell is provided further, and is as a 
result of [ of said air manometer ] measurement, it is a fuel cell system given in claim 3 thru/or any 1 term of 
7 which controls the flow rate of said 2nd oxidizer gas to fit in the range of the value which said air pressure 
value set up beforehand. 

[Claim 1 0] The fuel pressure gauge which measures the pressure of said fuel gas supplied to the fuel 
electrode side of said fuel cell, The air manometer which measures the pressure of said 2nd oxidizer gas 
supplied to the air pole side of said fuel cell is provided further. Said control section So that the difference of 
said fuel pressure value and said air pressure value may become below the value set up beforehand based on 
the fuel pressure value which it is as a result of [ of said fuel pressure gauge ] measurement, and the air 
pressure value which it is as a result of [ of said air manometer ] measurement A fuel cell system given in 
claim 3 thru/or any 1 term of 7 which controls the flow rate of said fuel gas and said 2nd oxidizer gas. 
[Claim 1 1] It is a fuel cell system given in claim 3 thru/or any 1 term of 10 by which said control section 
controls said steam-reforming reaction based on the flow rate of said fuel gas supplied to said starting 
combustion section, and said 1st oxidizer gas by said fuel cell possessing further the internal reforming 
section which carries out steam reforming of the fuel gas. 

[Claim 12] Said internal reforming section is a fuel cell system given in claim 3 thru/or any 1 term of 1 1 
which is the fuel electrode of said fuel cell. 

[Claim 13] The cogeneration system possessing the facility which uses exhaust heat of the fuel cell system 
of a publication, and said fuel cell system for claim 1 thru/or any 1 term of 12. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the generation-of-electrical-energy system and 

cogeneration system which used the fuel cell. 

[0002] 

[Description of the Prior Art] A fuel cell system can be operated efficient, even when operating 
independently. However, the use as a more efficient system is considered by constructing the cogeneration 
system which usually uses the heat to generate and exhaust gas. The example which constructs the HVAC 
system which uses the heat to generate in the fuel cell of a solid-state macromolecule mold and a 
phosphoric-acid mold with a low operating temperature, and a hot- water supply system together is common. 
On the other hand, in the fuel cell of a melting carbonate mold and a solid oxide type with a high operating 
temperature, the system combined with the gas turbine using the occurring hot (high pressure) exhaust gas 
or the steam turbine is proposed, and research is progressing. 

[0003] On the other hand, the generation-of-electrical-energy system using a fuel cell is carrying out the 
system configuration which gave top priority to cell protection. Therefore, it has superfluous equipment in 
many cases. Therefore, observing operation constraint of cell protection, in order to apply a fuel cell to a 
cogeneration system, equipment is reduced as much as possible and low-cost-izing and the miniaturized 
system configuration are required. In addition, the operating method corresponding to the improved system 
also needs to be established. 

[0004] The conventional system is explained with reference to drawing 2 . Drawing 2 is the block diagram 
of the cogeneration system using a fuel cell. The fuel gas (methane etc.) supplied to the fuel cell section 101 
is first sent out from the fuel feed zone 105. And it goes into a condenser 107 via the fuel supply line A122- 
fuel-supply change-over valve 106-fuel supply line B123. Then, the fuel circulation line 130 connects in the 
middle of the fuel supply line B123, and recycling of the fuel exhaust gas of the fuel cell section 101 is 
mixed and carried out. In a condenser 107, fuel gas and fuel exhaust gas are lowered in water Rhine B147, 
and the steam in fuel exhaust gas is condensed. The water of condensation is discharged from water-of- 
condensation Rhine 148, when it fully collects. 

[0005] The gas for fuels which fuel gas and fuel exhaust gas mixed is sucked out by the fuel recycling fan 
108 by fuel supply line CI 24 course, and is sent into the fuel heating unit 109 which is an electric heater in 
fuel supply line D125 course. And a preheating (temperature up) is carried out to appropriate temperature 
there. Then, the playback heat exchange section 1 10 is reached in fuel supply line El 26 course. In the 
playback heat exchange section 110, the temperature gradient of fuel gas and oxidizer gas is abolished by 
carrying out heat exchange of the gas for fuels and oxidizer gas included in the fuel cell section 101 . And it 
goes into the pressure buffer section 1 1 1 by fuel supply line F127 course. In the pressure buffer section 111, 
the differential pressure between the gas for fuels and oxidizer gas is lost. And finally the gas for fuels is 
supplied to the fuel cell section 101 by fuel supply line G128 course. 

[0006] On the other hand, about the oxidizer gas (air etc.) supplied to the fuel cell section 101, the air of an 
appropriate flow rate is first sucked out of the external air supply section (not shown) by the air supply fan 
1 15 by air supply Rhine A 134 course. And air is supplied to the low temperature side of the intake air 
cooling zone 1 17 via air supply Rhine B135-air supply valve 1 16-air supply Rhine C136. In the intake air 
cooling zone 117, the introduced air carries out heat exchange to hot air, and a temperature up is carried out. 
Next, the low temperature side of the air-preheat section 1 13 is reached in air supply Rhine D137 course. 
Then, air performs the elevated-temperature exhaust gas and heat exchange which were generated in the 
exhaust gas combustion section 112, and a temperature up is carried out. Then, it goes into the elevated- 
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temperature side of the intake air cooling zone 117 via air supply Rhine El 38. Then, the introduced air 
carries out heat exchange to low-temperature air. 

[0007] After an appropriate time, air reaches the stack cooling section 1 18 in air supply Rhine F139 course. 
Then, air reduces the temperature of the periphery of the fuel cell section 101, and self is elevated- 
temperature-ized. Then, the playback heat exchange section 1 10 is reached in air supply Rhine G140 course. 
In the playback heat exchange section 1 1 0, the temperature gradient of fuel gas and air is abolished by 
carrying out heat exchange of the gas for fuels and air (oxidizer gas) included in the fuel cell section 101 . 
And it goes into the pressure buffer section 1 1 1 by air supply Rhine HI 41 course. In the pressure buffer 
section 111, the differential pressure between the gas for fiiels and air is lost. And finally air is supplied to 
the fuel cell section 101 by air supply Rhine 1142 course. 

[0008] A generation of electrical energy is performed by the gas for fuels and air (oxidizer gas) which were 
introduced by carrying out like previous statement in the body 102 of a fuel cell included in the fuel cell 
section 101 . In addition, steam reforming is performed by the cell fuel electrode, and fuel gas turns into gas 
containing hydrogen and a carbon monoxide, and contributes to a generation of electrical energy. The used 
gas for fuels is supplied to the exhaust gas fuel section 1 12 by fuel supply line HI 29 course. Moreover, air is 
air supply Rhine J 143 course, and is supplied to the exhaust gas fuel section 112. 

[0009] It is mixed there and the gas for fuels and air which were supplied to the exhaust gas combustion 
section 112 burn. The generated hot combustion gas goes into the elevated-temperature side of the air- 
preheat section 1 13 by exhaust gas Rhine A131 course, and heats air beforehand. Then, it goes into the 
elevated temperature of the warm water heat exchange section 1 14 by exhaust gas Rhine B132 course, and 
the water and heat exchange which flow water Rhine A 146 are performed. This water is used for a facility 
of the exhaust heat use for cogeneration. And finally a combustion gas is discharged outside by exhaust gas 
Rhine CI 33 course. 

[0010] In addition, when the fuel gas of the exhaust gas combustion section 1 12 is insufficient, it supplies 
via [ feed zone / 1 19 / auxiliary fuel ] auxiliary fuel supply line A144-auxiliary fuel-supply valve 120- 
auxiliary fuel supply line B145. Moreover, the inert gas for a permutation is introduced from the fuel-supply 
change-over valve 106 via permutation Rhine 121 from the permutation gas supply section 104 to a fuel 
system gas line. 

[001 1] In the system of drawing 2 , in order to permute the gas line of a fuel system, equipment, such as the 
permutation gas supply section 104, and permutation Rhine 121, the fuel-supply change-over valve 106, is 
required. Moreover, a condenser 1 07 is needed for management of the steam generated with the water vapor 
content used by steam reforming of fuel gas, or a fuel cell, and control. And in order to change the pressure 
by the side of a fuel electrode and an air pole into a in general equal condition, the pressure buffer section 
1 1 1 is formed. Furthermore, in order to use an electric heater for the preheatings of fuel gas, a part of power 
generated by the body 102 of a fuel cell is used. 

[0012] Thus, since the system of drawing 2 gives top priority to cell protection, it has superfluous 
equipment. In order to apply the above-mentioned system to a cogeneration system, protecting operation 
constraint of cell protection, it needs to reduce equipment as much as possible, and needs to establish an 
operating method in low-cost-izing, the miniaturized system configuration, and a list. 
[0013] 

[Problem(s) to be Solved by the Invention] Therefore, the purpose of this invention is offering the fuel cell 
system and cogeneration system which can use exhaust gas for the object for a permutation or the object for 
a purge of a fuel cell. 

[0014] Moreover, another purpose of this invention is offering a fuel cell system and a cogeneration system 
without the need of using the equipment in connection with the object for the permutation of a fuel cell, or 
the inert gas for a purge. 

[0015] Moreover, another purpose of this invention is offering the fuel cell system and cogeneration system 
which can control a pressure and temperature independently about each of the fuel gas supplied to a fuel 
cell, and oxidizer gas. 

[0016] Moreover, another purpose of this invention is offering a controllable fuel cell system and a 
controllable cogeneration system about the moisture management supplied to a fuel cell based on a quantity 
of gas flow. 

[0017] Furthermore, other purposes of this invention are offering the fuel cell system and cogeneration 
system which can miniaturize a facility. 

[0018] Furthermore, other purposes of this invention are offering the fuel cell system and cogeneration 
system which can reduce facility cost. 
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[0019] 

[Means for Solving the Problem] Below, The means for solving a technical problem is explained using the 
number and sign used by [Embodiment of the Invention]. These numbers and signs are added in order to 
clarify correspondence relation of a publication and [Embodiment of the Invention] of a [claim]. However, 
don't use those numbers and signs for the interpretation of the technical range of invention indicated by the 
[claim]. 

[0020] Therefore, the fuel cell system of this invention for solving the above-mentioned technical problem 
By supply of a control section (not shown), the starting combustion section (7) which burns said fuel gas by 
supply of oxidizer gas and fuel gas, and oxidizer gas [ fuel gas, ] The circulation duct (36-37-38-39-58-35) 
through which said fuel gas can circulate is provided including the fuel cell (1) which generates electricity, 
and said starting combustion section (7) and said fuel cell (1). And said control section (not shown) is said 
fuel gas which burned in said starting combustion section (7), and permutes the gas in said circulation duct 
(36-37-38-39-58-35). 

[0021] Moreover, in the fuel cell system of this invention, said starting combustion section (7) possesses the 
pilot combustion section (29) which can burn small capacity. And said fuel gas which permutes the gas in 
said circulation duct (36-37-38-39-58-35) is gas by which said pilot combustion section (29) burns and 
generates said fuel gas. 

[0022] The fuel cell system of this invention moreover, by supply of a control section (not shown), and the 
fuel gas and the 1st oxidizer gas Said fuel gas by supply of the burning starting combustion section (7), and 
said fuel gas and 2nd oxidizer gas The circulation duct (36-37-38-39-58-35) through which said fuel gas can 
circulate is provided including the fuel cell (1) which generates electricity, and said starting combustion 
section (7) and said fuel cell (1). And said control section (not shown) supplies said fuel gas which burned in 
said starting combustion section (7) to said fuel cell (1) via said circulation duct (36-37-38-39-58-35), and 
returns said fuel gas used with said fuel cell (1) to said starting combustion section (7). 
[0023] Furthermore, the fuel cell system of this invention possesses further the concentration meter (9) 
which measures the oxygen density of said fuel gas supplied to the fuel electrode side of said fuel cell (1). 
And said control section (not shown) controls said combustion in said starting combustion section (7) based 
on the oxygen value which it is the service condition of said fuel cell (1), and as a result of [ of said 
concentration meter (9) ] measurement. 

[0024] Furthermore, the fuel cell system of this invention possesses further the fuel temperature meter (11- 
1) which measures the temperature of said fuel gas supplied to the fuel electrode side of said fuel cell (1). 
And said control section (not shown) controls combustion in said starting combustion section (7) to fit in the 
range of the value which said fuel temperature value set up beforehand based on the fuel temperature value 
which it is as a result of [ of said fuel temperature meter (11-1)] measurement. 

[0025] Furthermore, the fuel cell system of this invention possesses further the exhaust gas combustion 
section (12) which heats the 2nd oxidizer gas with the combustion gas which burns and discharges the air 
thermometer (11-2) which measures the temperature of said 2nd oxidizer gas supplied to the air pole side of 
said fuel cell (1), said fuel gas used with said fuel cell (1), and said 2nd oxidizer gas. And said control 
section (not shown) controls combustion in said exhaust gas combustion section (12) to fit in the range of 
the value which said air-temperature value set up beforehand based on the air-temperature value which it is 
as a result of [ of said air thermometer (11-2) ] measurement. 

[0026] Furthermore, the fuel temperature meter which measures the temperature of said fuel gas with which 
the fuel cell system of this invention is supplied to the fuel electrode side of said fuel cell (1) (11-1), The air 
thermometer which measures the temperature of said 2nd oxidizer gas supplied to the air pole side of said 
fuel cell (1) (11-2), The exhaust gas combustion section (12) which heats the 2nd oxidizer gas with the 
combustion gas which burns and discharges said fuel gas used with said fuel cell (1) and said 2nd oxidizer 
gas is provided further. And said control section (not shown) controls combustion in said starting 
combustion section (7), and combustion in said exhaust gas combustion section (12) so that the difference of 
said fuel temperature value and said air-temperature value becomes below the value set up beforehand based 
on the fuel temperature value which it is as a result of [ of said fuel temperature meter (11-1)] measurement, 
and the air-temperature value which it is as a result of [ of said air thermometer (11-2)] measurement. 
[0027] Furthermore, the fuel cell system of this invention possesses further the fuel pressure gauge (8-1) 
which measures the pressure of said fuel gas supplied to the fuel electrode side of said fuel cell (1). And said 
control section (not shown) controls the flow rate of said fuel gas to fit in the range of the value which said 
fuel pressure value set up beforehand based on the fuel pressure value which it is as a result of [ of said fuel 
pressure gauge (8-1) ] measurement. 
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[0028] Furthermore, the fuel cell system of this invention possesses further the air manometer (8-2) which 
measures the pressure of said 2nd oxidizer gas supplied to the air pole side of said fuel cell (1). And said 
control section (not shown) controls the flow rate of said 2nd oxidizer gas to fit in the range of the value 
which said air pressure value set up beforehand based on the air pressure value which it is as a result of [ of 
said air manometer (8-1) ] measurement. 

[0029] Furthermore, the fuel cell system of this invention possesses further the fuel pressure gauge (8-1) 
which measures the pressure of said fuel gas supplied to the fuel electrode side of said fuel cell (1), and the 
air manometer (8-2) which measures the pressure of said 2nd oxidizer gas supplied to the air pole side of 
said fuel cell (1). And said control section (not shown) controls the flow rate of said fuel gas and said 2nd 
oxidizer gas so that the difference of said fuel pressure value and said air pressure value becomes below the 
value set up beforehand based on the fuel pressure value which it is as a result of [ of said fuel pressure 
gauge (8-1) ] measurement, and the air pressure value which it is as a result of [ of said air manometer (8- 
2) ] measurement. 

[0030] Furthermore, the fuel cell system of this invention possesses further the internal reforming section 
(not shown) to which said fuel cell (1) carries out steam reforming of the fuel gas. And said control section 
(not shown) controls said steam-reforming reaction based on the flow rate of said fuel gas supplied to said 
starting combustion section (7), and said 1st oxidizer gas. 

[0031] Furthermore, said internal reforming section (not shown) of the fuel cell system of this invention is 
the fuel electrode of said fuel cell (1). 

[0032] The cogeneration system of this invention for solving the above-mentioned technical problem 
possesses the facility (not shown) which uses exhaust heat of the fuel cell system ( drawing 1 ) of a 
publication, and said fuel cell system for any 1 term of each above-mentioned item. 
[0033] 

[Embodiment of the Invention] The fuel cell system and cogeneration system which are this invention are 
explained using an attached drawing. In this example, although the fuel cell system used for the 
cogeneration system which performs exhaust heat use with warm water is shown and explained to an 
example, also in the fuel cell system used for the system of other cogeneration relation like a gas turbine, it 
is applicable. 

[0034] The configuration in the gestalt of operation of the fuel cell system which is this invention, and a 
cogeneration system is explained with reference to drawing 1 . 

[0035] Drawing 1 is the block diagram of the cogeneration system using a fuel cell. The fuel cell section 1 
possesses the body 2 of a fuel cell, a fuel temperature a total of 1 1-1, and an air thermometer 1 1-2. A fuel 
gas-related fuel system gas line possesses the starting combustor 7 and the playback heat exchange section 
10 which have the fuel feed zone 3, the fuel-supply valve 4, the exhaust gas temperature up heat exchange 
section 5, the fuel ejector 6, the pilot combustion section 29, and the Mayne combustion section 30, a fuel 
pressure gauge 8-1, and a concentration meter 9. And the fuel supply line A3 1, the fuel supply line B32, the 
fuel supply line C33, the fuel supply line D34, the fuel supply line E35, the fuel supply line F36, the fuel 
supply line G37, the fuel supply line H38, the fuel supply line 139, and the fuel circulation line 58 are 
provided as piping. 

[0036] Moreover, the starting gas line of the starting combustor 7 possesses the pilot fuel-supply valve 25, 
the starting air supply fan 26, the starting air supply valve 27, the pilot air supply valve 28, the pilot 
combustion section 29, and the Mayne combustion section 30. And the starting fuel supply line A51, 
starting fuel supply line B-52, starting air supply Rhine A53, starting air supply Rhine B54, starting air 
supply Rhine C55, starting air supply Rhine D56, and starting air supply Rhine E57 are provided as piping. 
[0037] On the other hand, an oxidizer gas-related oxidizer gas line possesses the air supply fan 15, the air 
supply valve 16, the intake air cooling zone 17, the air-preheat section 13, the stack cooling section 18, the 
playback heat exchange section 10 (as common as a fuel gas side), and an air manometer 8-2. And air 
supply Rhine A59, air supply Rhine B60, air supply Rhine C61, air supply Rhine D62, air supply Rhine 
E63, air supply Rhine F64, air supply Rhine G65, air supply Rhine H66, and air supply Rhine 167 are 
provided as piping. 

[0038] Moreover, an offgas treatment-related gas line possesses the exhaust gas combustion section 12, the 
air-preheat section 13 (as common as an oxidizing agent gas side), the warm water heat exchange section 
14, an exhaust gas recirculating fan 21, the exhaust gas ejector flow-rate-controlling valve 23, the exhaust 
gas ejector 24, the fuel gas ejector flow-rate-controlling valve 22, the auxiliary fuel feed zone 19, and the 
auxiliary fuel-supply valve 20. And exhaust gas Rhine A40, exhaust gas Rhine B41, exhaust gas Rhine C42, 
the exhaust gas re-circulation line A44, the exhaust gas re-circulation line B45, the exhaust gas re- 
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circulation line C46, the exhaust gas re-circulation line D47, the exhaust gas re-circulation line E48, the 
exhaust gas re-circulation line F49, the exhaust gas re-circulation line G50, the auxiliary fuel supply line 
A68, the auxiliary fuel supply line B69, and water Rhine A70 are provided as piping. 
[0039] Next, a fuel cell is explained to a detail. The fuel cell section 1 contains the fuel temperature a total 
of 1 1-1 and air thermometer 1 1 -2 which measure the temperature of the body 2 of a fuel cell which 
generates electricity, the fuel gas to be used, and oxidizer gas (this example air). And piping which supplies 
measuring equipment like the current collection member which takes out the electrical and electric 
equipment from the body 2 of a fuel cell, and the above-mentioned thermometer which performs 
measurement required for control of fuel cell operation, and various gas, and is discharged is attached (not 
above shown [ a part ]). The fuel cell section 1 is controlled by the control section which is not illustrated. 
[0040] the body 2 of a fuel cell is included in the fuel cell section 1 - having - each of the fuel supply line 
H38, the fuel supply line 139, air supply Rhine H66, and air supply Rhine 167 - the end section has 
connected. And it is the body of the fuel cell which receives fuel gas from the exterior by fuel supply line 
H38 course, receives supply of oxidizer gas (this example air) by air supply Rhine H66 course, and 
generates electricity using them. In this example, it is the fuel cell of the solid oxide type of an internal 
reforming mold directly. 

[0041] That is, a fuel electrode reforms fuel gas like hydrocarbon system gas, such as methane, and a 
methanol, a propane, and has a catalyst function for obtaining the gas containing the hydrogen used for a 
generation of electrical energy, and a carbon monoxide. In this example, using methane as fuel gas, steam 
reforming is performed using methane and a steam and the gas containing hydrogen and a carbon monoxide 
is obtained. Fuel electrodes are [ lanthanum comics NETO (La0.9Sr0.1MnO3) and the electrolyte of 
nickel/fully stabilized zirconia (nickel/YSZ), and an air pole ] fully stabilized zirconia (YSZ). Other 
electrode reaction in a fuel electrode and an air pole is the same as that of the usual case. 
[0042] In addition, when there is no steam, it is possible to also make a partial oxidation reaction perform to 
a fuel electrode side by making a fuel electrode into a catalyst. That is, if methane and oxygen are 
introduced on a fuel electrode, the gas which has hydrogen and a carbon monoxide can be obtained. 
[0043] Used fuel gas (the generated steam, intact reformed gas) is fuel supply line 139 course, and oxidizer 
gas (intact air) is air supply Rhine 167 course, and is discharged to the offgas treatment section 12, 
respectively. The body 2 of a fuel cell is controlled by the control section which is not illustrated. 
[0044] The fuel temperature a total of 1 1-1 is connected to the fuel supply line H38. And it is the 
thermometer which measures continuously the temperature of the fuel gas (this example methane) included 
in the body 2 of a fuel cell. They are a thermocouple, a resistance thermometer, etc. A measurement result is 
outputted to the control section which is not illustrated. The air thermometer 1 1-2 is connected to air supply 
Rhine H66. And it is the thermometer which measures continuously the temperature of the oxidizer gas (this 
example air) included in the body 2 of a fuel cell. They are a thermocouple, a resistance thermometer, etc. A 
measurement result is outputted to the control section which is not illustrated. 

[0045] Next, a fuel gas-related fuel system gas line (Rhine which supplies a fuel to a fuel cell) is explained. 
The fuel feed zone 3 is connected to the end section of the fuel supply line A3 1 . Fuel gas required for fuel 
cell operation is supplied. It is the gas line connected to the case where they are one or more bombs, a gas 
holder, or gas generation equipment. In this example, it is a bottle type holder type methane chemical 
cylinder. 

[0046] The fuel-supply valve 4 connects one side to the other end of the fuel supply line A3 1 , and has 
connected another side to the end section of the fuel supply line B32. It is the valve which controls supply of 
the fuel gas from the fuel feed zone 3 to the Mayne combustion section 30 (after-mentioned) of the starting 
combustion section 7 and the fuel cell section 1 . Moreover, it also has the function which lowers the 
pressure of the high-pressure fuel gas in the fuel feed zone 3. The fuel-supply valve 4 is controlled by the 
control section which is not illustrated. 

[0047] The exhaust gas temperature up heat exchange section 5 is a heat exchanger. The low temperature 
side connected one side to the other end of the fuel gas supply line C33 (the end section is connected to the 
other end and the exhaust gas re-circulation line G50 of the fuel gas supply line B32), and has connected 
another side to the end section of the fuel gas supply line D34. The elevated-temperature side connected one 
side to the other end of the fuel gas supply line F36 (the end section is connected to the starting combustion 
section 7), and has connected another side to the end section of the fuel gas supply line G37. The 
temperature up of the gas A for fuels (= fuel gas + recycling exhaust gas) of the low temperature supplied 
from the fuel feed zone 3 and the exhaust gas combustion section 12 (after-mentioned) is carried out by heat 
exchange with the hot gas C for fuels (what processed the gas B for fuels (fuel exhaust gas which is an 
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exhaust gas by the side of the fuel of the body 2 for = fuels of a gas A+ fuel cell) in the starting combustion 
section 7) sent out from the starting combustion section 7 (after-mentioned). 

[0048] The fuel ejector 6 connected one side to the other end of the fuel gas supply line D34, and has 
connected another side to the end section of the fuel gas supply line E35 of a fuel gas supply line. Moreover, 
the other end of the fuel circulation line 58 (the end section is connected to the fuel exhaust gas side of the 
body 2 of a fuel cell) has connected as piping of the gas drawn. A part of fuel exhaust gas which is used fuel 
gas discharged from the fuel cell section 1 is drawn in the flow of the fuel gas which goes to the starting 
combustion section 7 using the flow of the fuel gas which goes to the starting combustion section 7 (after- 
mentioned) from the exhaust gas temperature up heat exchange section 5. The flow rate to draw is controlled 
by the flow rate of the flow of the fuel gas which goes to the starting combustion section 7. For example, it 
is controlled by the fuel gas ejector flow-rate-controlling valve 22 (after-mentioned). 
[0049] The starting combustion section 7 possesses the pilot combustion section 29 and the Mayne 
combustion section 30. Supply of fuel gas and oxidizer gas performs supplied combustion of all or a part of 
gas. The gas after combustion is heated by combustion, serves as an elevated temperature, and is supplied to 
the fuel cell section 1 . 

[0050] The pilot combustion section 29 has a small capacity burner (pilot burner). It connects with the other 
end of starting air supply Rhine E57 where the end section was connected to the pilot air supply valve 28, 
and supply of air (oxidizer gas) is received. Moreover, it connects with the other end of starting fuel supply 
line B-52 by which the end section was connected to the pilot fuel-supply valve 25, and supply of fuel gas is 
received. And a pilot burner is burned by supply of fuel gas and air if needed. By supplying the combustion 
gas at that time into the fuel cell section 1 and a fuel system gas line, air with possibility of remaining in 
early stages of operation is purged. Moreover, a pilot burner is lit before ignition of the Mayne combustion 
section 30 (a mass burner, after-mentioned), and it becomes charcoal of the Mayne combustion section 30. 
[0051] The Mayne combustion section 30 has a mass burner (main burner). It has connected with the other 
end of the fuel supply line E35 by which the end section was connected to the fuel ejector 6. And supply of 
the gas B for fuels (= fuel gas + recycling exhaust gas + fuel exhaust gas) is received. Gas (contained in fuel 
gas, recycling exhaust gas, and fuel exhaust gas) usable as a fuel, oxygen gas (contained in recycling 
exhaust gas), and a steam (contained in fuel exhaust gas) are contained in the gas B for fuels. And in 
response to supply of the gas B for fuels, a main burner is burned if needed, it burns in a part of gas of the 
gas B for fuels, and the whole gas is heat-treated. Moreover, it has connected with the other end of starting 
air supply Rhine C where the end section was connected to the starting air supply valve 27. And supply of 
air is received if needed in the case of the above-mentioned combustion. The processed gas B for fuels is 
sent out via the fuel supply line F36 towards the fuel cell section 1 as gas C for fuels to the exhaust gas 
temperature up heat exchange section 5. 

[0052] Here, the air and the gas for fuels (a recirculating gas is included) which are supplied to the starting 
combustion section 7 are performed by controlling by the control section which does not illustrate the fuel- 
supply valve 4, the fuel gas ejector flow-rate-controlling valve 22, an exhaust gas recirculating fan 21, the 
starting air supply valve 27, the starting air supply fan 26, the pilot air supply valve 28, and the pilot fuel- 
supply valve 25. Based on the measured value of the densimeter 9 just before going into the fuel cell section 
1, it controls by the feedback control method or the PID-control method to grow into the presentation of the 
desired gas C for fuels in that case. 

[0053] For example, it is made to be the following to mix the oxygen of a constant rate in the gas for fuels. 
That is, an oxygen density is supervised with a concentration meter 9, and when oxygen is insufficient, the 
starting air supply valve 27, the starting air supply fan 26, and the pilot air supply valve 28 are controlled 
appropriately to increase supply of air. Or the fuel-supply valve 4, the fuel gas ejector flow-rate-controlling 
valve 22, an exhaust gas recirculating fan 21, and the pilot fuel-supply valve 25 are controlled, the 
component of fuel gas is decreased, and it is made to decrease the oxygen consumed by combustion. It is 
possible to make the oxygen density in the gas for fuels increase as mentioned above. Moreover, oxygen can 
be lost if the above-mentioned reverse is performed to mix oxygen in the gas for fuels. 
[0054] The playback heat exchange section 10 carries out heat exchange of the gas for fuels, and the 
oxidizer gas. That is, about Rhine of the gas for fuels, one side is connected to the other end of the fuel 
supply line G37, and another side is connected to the fuel supply line H38. Moreover, about Rhine of the gas 
for oxidizers (air), one side is connected to the other end of air supply Rhine G65, and another side is 
connected to air supply Rhine H66. And heat exchange between the air of air supply Rhine G65 course just 
before going into the gas C for fuels and the fuel cell section 1 of fuel supply line G37 course just before 
going into the fuel cell section 1 is performed. It is a heat exchanger for making the temperature gradient of 
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fuel gas and air as small as possible. And the thermal stress of nothing and a fuel cell is controlled for the 
temperature gradient between the fuel electrode of a fuel cell, and an air pole. 

[0055] A fuel pressure gauge 8-1 is near the fuel cell section 1 in the middle of the fuel supply line H38. It is 
a pressure gage for measuring the pressure of the gas C for fuels just before going into the fuel cell section 
1 . They are an electric-type manometer, a Bourdon gage, a diaphragm gage, etc. (resistance wire, 
piezoelectricity, semi-conductor, etc.). A measurement result is outputted to the control section which is not 
illustrated. 

[0056] A concentration meter 9 is near the fuel cell section 1 in the middle of the fuel supply line H38. It is a 
gas concentration measuring instrument for measuring the concentration of fuel gas just before going into 
the fuel cell section 1 . They are inflammable gas sensors, such as simple gas chromatography meter, a semi- 
conductor type, and a contact combustion equation, a solid-state heat-conduction type, etc. A measurement 
result is outputted to the control section which is not illustrated. 

[0057] Next, the starting system gas line (Rhine mainly in connection with the pilot combustion section 29 
of the starting combustion section 7) of the starting combustor 7 is explained. The starting air supply fan 26 
connected one side to starting air supply Rhine A53 connected to the external air supply section which does 
not illustrate the end section, and is connecting another side to the end section of starting air supply Rhine 
B54. He is the fan who pulls out air from the external air supply section. It is possible to control the flow 
rate of the air to pull out by a fan's rotational frequency etc. The starting air supply fan 26 is controlled by 
the control section which is not illustrated. 

[0058] The pilot air supply valve 28 connected one side to starting air supply Rhine D56 where the end 
section was connected in the middle of starting air supply Rhine B54, and has connected another side to the 
end section of starting air supply Rhine E57. It is the valve which controls supply in the pilot combustion 
section 29 of the starting combustion section 7 of the air introduced from the starting air supply fan 26. It is 
controlled by the control section which is not illustrated. 

[0059] The pilot fuel-supply valve 25 connected one side to the starting fuel supply line A51 to which the 
end section was connected in the middle of fuel supply line A3, and has connected another side to the end 
section of starting fuel supply line B-52. It is the valve which controls supply of the fuel gas from the fuel 
feed zone 3 to the pilot combustion section 29 of the starting combustion section 7. Moreover, it also has the 
function which lowers the pressure of the high-pressure fuel gas in the fuel feed zone 3. The pilot fuel- 
supply valve 4 is controlled by the control section which is not illustrated. 

[0060] The starting air supply valve 27 connected one side to starting air supply Rhine B54 where the end 
section was connected to the starting air supply fan 26, and has connected another side to the end section of 
starting air supply Rhine C55. It is the valve which controls supply in the Mayne combustion section 30 of 
the starting combustion section 7 of the air introduced from the starting air supply fan 26. It is controlled by 
the control section which is not illustrated. 

[0061] Next, an oxidizer gas-related oxidizer system gas line (Rhine which supplies the air which is an 
oxidizer to a fuel cell) is explained. The air supply fan 15 connected one side to air supply Rhine A59 
connected to the external air supply section which does not illustrate the end section, and is connecting 
another side to the end section of air supply Rhine B60. He is the fan who pulls out air from the external air 
supply section. It is possible to control the flow rate of the air to pull out by a fan's rotational frequency etc. 
The air supply fan 1 5 is controlled by the control section which is not illustrated. 
[0062] The air supply valve 16 connected one side to air supply Rhine B60 where the other end was 
connected to the air supply fan 15, and has connected another side to the end section of air supply Rhine 
C61. It is the valve which controls supply in the fuel cell section 1 of the air introduced from the air supply 
fan 1 5. It is controlled by the control section which is not illustrated. 

[0063] The intake air cooling zone 17 is a heat exchanger. The low temperature side connected one side to 
the other end of air supply Rhine C61, and has connected another side to the end section of air supply Rhine 
D62. The elevated-temperature side connected one side to the other end of air supply Rhine E63, and has 
connected another side to the end section of air supply Rhine F64. It is the heat exchanger which carries out 
heat exchange of the air from the air supply valve 16 to the hot air which went via the air-preheat section 13 
(after-mentioned), and carries out a temperature up. 

[0064] The air-preheat section 13 is a heat exchanger. The low temperature side connected one side to the 
other end of air supply Rhine D62, and has connected another side to the end section of air supply Rhine 
E63. The elevated-temperature side connected one side to the other end (the end section is connected to the 
exhaust gas combustion section 12) of exhaust gas Rhine A40, and has connected another side to the end 
section of exhaust gas Rhine B41. It is the heat exchanger which carries out heat exchange of the air by the 
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side of the low temperature of the intake air cooling zone 17 to the hot combustion gas discharged from the 
exhaust gas combustion section 7 (after-mentioned), and carries out a temperature up. 
[0065] The stack cooling section 1 8 connects one side to the other end of air supply Rhine F64, and has 
connected another side to the end section of air supply Rhine G65. And the air by the side of the elevated 
temperature of the intake air cooling zone 17 is introduced into the fuel cell section 1, and carries out heat 
exchange to the heat generated at the side edge of the fuel cell section 1, and the temperature up of the air is 
carried out. 

[0066] Since the playback heat exchange section 10 (as common as a fuel gas side) is as stated above, it 
omits explanation. An air manometer 8-2 is near the fuel cell section 1 in the middle of air supply Rhine 
H66. It is a pressure gage for measuring the pressure of air just before going into the fuel cell section 1. 
They are an electric-type manometer, a Bourdon gage, a diaphragm gage, etc. (resistance wire, 
piezoelectricity, semi-conductor, etc.). A measurement result is outputted to the control section which is not 
illustrated. 

[0067] Next, an offgas treatment-related exhaust gas system gas line (Rhine mainly in connection with the 
exhaust gas after the fuel cell section 1) is explained. The other end of the fuel gas supply line 139 which 
supplies fuel exhaust gas and air exhaust gas from the fuel cell section 1 side, and the other end of air supply 
Rhine 167 have connected with the exhaust gas combustion section 12. Moreover, the other end of the 
auxiliary fuel supply line B69 has connected with supply of an auxiliary fuel. Furthermore, in order to 
circulate the combustion gas formed in the exhaust gas combustion section 12, the end section of exhaust 
gas Rhine A40 and the other end of exhaust gas Rhine F49 have connected. It is the combustor which mixes 
the fuel gas and air which were used by the body 2 of a fuel cell, and bums. Combustion is performed in 
order to use the heat energy by combustion by the latter air-preheat section, a latter gas turbine (not shown), 
etc., and to remove the harmful matter in exhaust gas (a carbon monoxide is used as a carbon dioxide). 
Combustion gas is discharged via exhaust gas Rhine A40 to the air-preheat section 13. 
[0068] Since the air-preheat section 13 (as common as an oxidizer gas side) is as stated above, it omits the 
explanation. As for the warm water heat exchange section 14, one side is connected to the other end of 
exhaust gas Rhine B41, and the elevated-temperature side has connected another side to the end section of 
exhaust gas Rhine C42. The low temperature side is connected to water Rhine 70. It is the heat exchanger 
which collects the heat of the exhaust gas which went via the air-preheat section 13 with the water which 
flows to a low temperature side. The water which turned into warm water is used for other applications (a 
hot-water supply system, warm water condensator, etc.). In addition, a part of combustion gas is discharged 
from the other end of exhaust gas Rhine 42C outside. 

[0069] The exhaust gas recirculating fan 21 connected the other end and one side of the exhaust gas re- 
circulation line A44 which connected the end section in the middle of exhaust gas Rhine C42, and has 
connected another side to the exhaust gas re-circulation line B45. He is the fan who pulls out in order to 
carry out recycling of the part among the combustion gases discharged outside. The remainder is recycled 
[ the pulled-out combustion gas ] for a part toward the supply line (fuel supply line C33) of fuel gas to the 
exhaust gas combustion section 12. The combustion gas which goes to the supply line of fuel gas is used for 
the combustion for heating the gas B for fuels in the Mayne combustion section 30 using the oxygen of the 
minute amount contained in a combustion gas. The combustion gas which goes to the remaining exhaust gas 
combustion section 12 is used in order to reduce the oxygen density in cooling for protection of the exhaust 
gas combustion section 12, and combustion in the exhaust gas combustion section 12, to make flame 
temperature low and to reduce NOx by exhaust gas recycle. 

[0070] The exhaust gas ejector flow-rate-controlling valve 23 connected the other end and one side of the 
exhaust gas re-circulation line C46 which connected the end section in the middle of the exhaust gas re- 
circulation line B45, and has connected another side to the exhaust gas re-circulation line D47. It is the valve 
which adjusts the amount of the exhaust gas which the exhaust gas ejector 24 (after-mentioned) sucks out 
with the flow rate of the combustion gas which flows self. The exhaust gas ejector flow-rate-controlling 
valve 23 is controlled by the control section which is not illustrated. 

[0071] The exhaust gas ejector 24 connected one side to the other end of the exhaust gas re-circulation line 
D47, and has connected another side to the end section of the exhaust gas re-circulation line F49. Moreover, 
the other end of the exhaust gas re-circulation line D47 (the end section is connected in the middle of 
exhaust gas Rhine C42) has connected as piping of the gas drawn. A part of combustion gas discharged 
from the warm water heat exchange section 14 is drawn in the flow of the gas which goes to the exhaust gas 
combustion section 12 using the flow of the gas which goes to the exhaust gas combustion section 12 from 
an exhaust gas recirculating fan 21. The flow rate to draw is controlled by the flow rate of the flow of the 
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gas which goes to the exhaust gas combustion section 12. For example, it is controlled by the exhaust gas 
ejector flow-rate-controlling valve 23. This exhaust gas is used in order to reduce the oxygen density in 
cooling for protection of the exhaust gas combustion section 12, and combustion in the exhaust gas 
combustion section 12, to make flame temperature low and to reduce NOx by exhaust gas recycle. 
[0072] The fuel gas ejector flow-rate-controlling valve 22 connects one side to the other end of the exhaust 
gas re-circulation line B45, and has connected another side to the end section of the exhaust gas re- 
circulation line G50. And the fuel ejector 6 is a valve for adjusting the amount of exhaust gas which sucks 
out the fuel exhaust gas from the body 2 of a fuel cell to a fuel system gas line. It is controlled by the control 
section which is not illustrated. 

[0073] The auxiliary fuel feed zone 19 is connected to the end section of the auxiliary fuel supply line A68. 
It is the feed zone which supplies the auxiliary fuel in the exhaust gas combustion section 12 in case fuel gas 
runs short in the case of exhaust gas combustion. It is the gas line connected to the case where they are one 
or more bombs, a gas holder, or gas generation equipment. In this example, it is a methane chemical 
cylinder. 

[0074] The auxiliary fuel-supply valve 20 connects one side to the other end of the auxiliary fuel supply line 
A68, and has connected another side to the end section of the auxiliary fuel supply line B69. It is the valve 
which controls supply of the fuel gas from the auxiliary fuel feed zone 19 to the exhaust gas combustion 
section 12. Moreover, it also has the function which lowers the pressure of the high-pressure fuel gas in the 
auxiliary fuel feed zone 19. The auxiliary fuel-supply valve 20 is controlled by the control section which is 
not illustrated. 

[0075] Next, the actuation in the gestalt of operation of the fuel cell system which is this invention, and a 
cogeneration system is explained with reference to drawing 1 . 

[0076] The actuation at the time of starting of a fuel cell is explained. The temperature of the fuel cell 
section 1 of the condition before starting of a fuel cell system is ordinary temperature, the closedown of each 
valve is carried out fundamentally, and the closure of a fuel system gas line and the exhaust gas system gas 
line is usually permuted and carried out by inactive gas. As for the air processing subsystem gas line, air 
remains. 

[0077] In early stages of starting of a fuel cell, inactive gas (or gas which does not contain oxygen) first 
repermutes the fuel electrode side of the fuel cell section 1 and a fuel system gas line, and exhaust gas 
system Rhine. It is because it will have a bad influence on the fuel electrode of the body 2 of a fuel cell if 
the oxygen component remains. As gas for a permutation, the exhaust gas generated by combustion in the 
pilot combustion section 29 of the starting combustion section 7 is used. 

[0078] First, the pilot fuel-supply valve 25 is made into suitable opening, and it is controlled so that the 
methane (fuel gas) of an appropriate flow rate flows. On the other hand, the starting air supply fan 26 is 
operated and the pilot air supply valve 28 is made into suitable opening, and it controls so that the air 
(oxidizer gas) of an appropriate flow rate flows. Methane and air are supplied to the pilot combustion 
section 29, and combustion is started by the ignition source which is not illustrated. It makes it small 
whether the ratio of air and methane is equal to theoretical air fuel ratio, and carries out as [ remain / air ] 
(methane becomes with superfluous [ some ] like). The gas which occurs by combustion is mainly a carbon 
dioxide and a steam, and nitrogen, the methane of non-**, etc. are in others. 

[0079] The exhaust gas by these combustion comes out of the fuel supply line F36 linked to the starting 
combustion section 7, and it reaches the fuel cell section 1, permuting the gas which remains in a fuel 
system gas line. And the gas which remains the fuel electrode side of the body 2 of a fuel cell into it with a 
passage is permuted. Then, inactive gas (or gas which does not contain oxygen) repermutes each part by 
reaching the exhaust gas combustion section 12, passing along the air-preheat section 13 etc., and passing 
along exhaust gas system Rhine further. 

[0080] That is, by forming the pilot combustion section 29 of small capacity in the starting combustion 
section 7 of a fuel system gas line (fuel feed system), with the combustion gas, the oxygen component which 
remains to the cell interior of a room of the body 2 of a fuel cell can be purged, and the equipment for purge 
gas supply of nitrogen etc. becomes unnecessary. 

[0081] Then, the body 2 of a fuel cell is heated. In order to heat, an oxidizer system gas line is heated by 
actuation of the exhaust gas combustion section 12 to coincidence as ** By actuation of** starting 
combustion section 7, heat a fuel system gas line and curve. And by ** and **, the temperature of the body 
2 of a fuel cell is raised, and it is made operating temperature. If a generation of electrical energy starts, 
operation will become independent by the heat which the body 2 of a fuel cell emits, and generation of heat 
of the exhaust gas combustion section 12. 
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[0082] here - actuation of the above-mentioned ** starting combustion section 7 - a fuel system gas line — 
heating ********.. it explains. First, the fuel-supply valve 4 is made into suitable opening, and it is 
controlled so that the methane (fuel gas) of an appropriate flow rate flows. On the other hand, the starting air 
supply fan 26 is operated and the starting air supply valve 27 is made into suitable opening, and it controls 
so that the air (oxidizer gas) of an appropriate flow rate flows. Methane and air are supplied to the Mayne 
combustion section 30. Then, combustion is started by making the flame of combustion of the above- 
mentioned pilot combustion section 29 into charcoal, the ratio of methane and the oxygen in air boils the 
flow rate of air and methane more greatly than 1 :2, and it is made to become That is, it is made the 
conditions in which the perfect combustion shown in following the (1) type happens certainly, and oxygen 
remains. Gas is heated by exothermic reaction and it sends into the fuel electrode of a fuel system gas line 
and the body 2 of a fuel cell. By doing so, the gas for fuels, a fuel system gas line, and a fuel electrode are 
heated. 

CH4+202 ->2H2 0+C02 (1 ) 

[0083] It is made the conditions in which oxygen remains for performing baking processing of a fuel 
electrode to coincidence at the time of the first starting. Namely, in the time of the first starting, a fuel 
electrode is in the condition which dried the paste (what mixed the raw material of a fuel electrode 
component to the organic material). And in the temperature up process of starting of the beginning of a fuel 
cell, it is because it is necessary to perform baking processing in an oxidizing atmosphere. The oxygen 
density of the gas for fuels introduced to a fuel electrode is measured with a densimeter 9, and is fed back to 
a control section. A control section controls each valve and fan in connection with combustion of the 
starting combustion section 7 to grow into an oxygen density required for paste baking. 
[0084] next, actuation of the above-mentioned ** exhaust gas combustion section 12 - an oxidizer system 
gas line - heating ********- it explains. The air supply fan 15 is operated and the air supply valve 16 is 
made into suitable opening. And the air (oxidizer gas) of an appropriate flow rate controls to flow toward 
the air pole of the fuel cell section 1 . Then, the hot steam of a fuel system gas line and carbon dioxide (and 
nitrogen) which were generated by (1) type, and the air of an oxidizer system gas line are supplied to the 
playback heat exchange section 10. Then, heat exchange is performed, a steam, and a carbon dioxide (and 
nitrogen) and air serve as almost same temperature, and it goes into the body 2 of a fuel cell. After heating 
the body 2 of a fuel cell, the above-mentioned gas goes into the exhaust gas combustion section 12 as it is. 
And in the air-preheat section 13, heat exchange of the exhaust gas is carried out to the air of the oxidizer 
system gas line before going into the body 2 of a fuel cell, and it carries out the temperature up of the air. 
With an exhaust gas recirculating fan 21, a part passes along the fuel gas ejector flow-rate-controlling valve 
22 of a fuel system gas line, and exhaust gas joins by fuel gas and the fuel-supply gas line C33. And the fuel 
ejector 6 is operated. A part of exhaust gas immediately after coming out of the body 2 of a fuel cell is 
sucked out by this actuation to the fuel ejector 6. 

[0085] The temperature of the body 2 of a fuel cell rises, and the rate of the amount of oxygen supplied to 
the starting combustion section 7 is gradually decreased in the phase which baking processing of a fuel 
electrode ended. And methane changes into a superfluous condition conversely. At this time, the oxygen 
density of the gas for fuels supplied to the body 2 of a fuel cell serves as zero. A control section carries out 
feedback control of each valve and the fan based on the measurement result of the oxygen density by the 
concentration meter 9, and methane concentration. 

[0086] The steam and carbon dioxide (and nitrogen) which are generated in the starting combustion section 
7, and the methane which became superfluous perform air and heat exchange in the playback heat exchange 
section 10. And a steam, a carbon dioxide and methane (and nitrogen), and air serve as almost same 
temperature, and it goes into the body 2 of a fuel cell. Since a generation of electrical energy does not break 
out when temperature is not high enough, gas goes into the exhaust gas combustion section 12 as it is. And 
methane and air burn by the ignition source which is not illustrated there, and the generation of heat 
generates hot exhaust gas (a steam, a carbon dioxide, and nitrogen). In the air-preheat section 13, heat 
exchange of the exhaust gas is carried out to the air before going into the body 2 of a fuel cell, and it carries 
out the temperature up of the air. Thus, air, an air pole, an oxidizer system gas line, and an exhaust gas 
system gas line are heated by the heat of exhaust gas combustion in the exhaust gas combustion section 12. 
Moreover, a part of the exhaust gas joins the gas for fuels by fuel circulation line 58-fuel ejector 6 course. 
[0087] The amount of supply of the gas for fuels in the above-mentioned **** and air is controlled so that 
the difference of the temperature (it measures with the thermometer 1 1-1 for fuels) of the gas for fuels in 
front of the body 2 of a fuel cell and the temperature (it measures with the thermometer 11-2 for air) of the 
air in front of the body 2 of a fuel cell does not become larger than the values (for example, less than **10 
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etc. degrees C etc.) set up beforehand. That is, when the gas for fuels is an elevated temperature, or it 
extracts the flow rate of the air supplied to a fuel electrode side at the starting combustion section 7, or it 
extracts the flow rate of both air and the gas for fuels and it suppresses oxidation reaction, the measures of 
reducing an air flow rate to an air pole side are taken. On the other hand, when air is an elevated 
temperature, or it raises the flow rate of both the air supplied to a fuel electrode side at the starting 
combustion section 7, and the gas for fuels and increases oxidation reaction, the measures of making an air 
flow rate increase to an air pole side etc. are taken. 

[0088] In addition, the temperature (it measures with the thermometer 1 1-1 for fuels) of the gas for fuels in 
front of the body 2 of a fuel cell and the temperature (it measures with the thermometer 11-2 for air) of the 
air in front of the body 2 of a fuel cell can also be controlled to the value according to individual, 
respectively. That is, the temperature of the gas for fuels is controllable if the flow rate of the air supplied to 
the starting combustion section 7 or fuel gas is adjusted. Moreover, the temperature of air is controllable if 
an air flow rate is adjusted. 

[0089] Similarly, the amount of supply of the gas for fuels in the above-mentioned **** and air is controlled 
so that the difference of the pressure (it measures with a fuel pressure gauge 8-1) of the gas for fuels in front 
of the body 2 of a fuel cell and the pressure (it measures with an air manometer 8-2) of the air in front of the 
body 2 of a fuel cell does not become larger than the values (for example, less than **10 etc. cmAqs etc.) set 
up beforehand. That is, when the gas for fuels is high pressure, or it extracts the flow rate of the air supplied 
to a fuel electrode side at the starting combustion section 7 or extracts the flow rate of both air and the gas 
for fuels, the measures of making an air flow rate increase to an air pole side etc. are taken. On the other 
hand, when air is high pressure, or it raises the flow rate of both the air supplied to a fuel electrode side at 
the starting combustion section 7, and the gas for fuels, the measures of decreasing an air flow rate to an air 
pole side are taken. 

[0090] In addition, it is also possible to control the pressure (for it to measure with a fuel pressure gauge 8- 
1) of the gas for fuels in front of the body 2 of a fuel cell and the pressure (for it to measure with an air 
manometer 8-2) of the air in front of the body 2 of a fuel cell to the value according to individual, 
respectively. That is, the pressure of the gas for fuels is controllable if the flow rate of the air supplied to the 
starting combustion section 7 or fuel gas is adjusted. Moreover, the pressure of air is controllable if an air 
flow rate is adjusted. 

[0091] Moreover, the gas which circulates in this phase is a steam, a carbon dioxide, nitrogen, and methane 
as a principal component. 

[0092] The two combustion sections (the pilot combustion section 29, the Mayne combustion section 30) 
from which capacity differs are installed in a fuel system gas line, and it becomes possible by lighting the 
pilot combustion section 29 of small capacity before ignition of the mass Mayne combustion section 30 to 
use the pilot combustion section 29 as charcoal of the Mayne combustion section 30. 
[0093] As mentioned above, in order to carry out the temperature up of the air to the gas for fuels and the 
list which flow into the body 2 of a fuel cell, the starting combustion section 7 and the exhaust gas 
combustion section 12 are installed, respectively. And based on the inlet temperature (it measures with the 
thermometer 1 1-1 for fuels, and the thermometer 11-2 for air) of the body 2 of a fuel cell, the quantity of gas 
flow for fuels to each combustion section and an air flow rate are operated according to an individual. By 
doing so, it becomes possible to adjust the amount of combustion in each combustion section according to 
an individual. And it becomes possible to operate the temperature of the gas for fuels, and air according to 
an individual. Therefore, a temperature up and temperature fall actuation are attained, suppressing the 
temperature gradient of the fuel which flows into a fuel cell, and air below to an allowed value. In addition, 
it becomes unnecessary about external heat sources, such as an electric heater for temperature ups. 
[0094] If the temperature of the body 2 of a fuel cell rises and it becomes about 800 degrees C, a generation 
of electrical energy will become possible. Moreover, in this phase, activation of the nickel / the fully- 
stabilized-zirconia catalyst of a fuel electrode is carried out by the gas (mainly a steam, a carbon dioxide, 
nitrogen, methane) which flows a fuel electrode side. Therefore, it is in the condition in which the steam- 
reforming reaction of methane is possible on a fuel electrode like the following formula (2). 
CH4+H2 0->CO+3H2 (2) 

[0095] The reaction of a formula (2) is endothermic reaction. Therefore, in early stages of a generation ot 
electrical energy of a fuel cell, when the calorific value of the fuel cell itself is not enough, oxidation 
reaction (the above-mentioned formula (1)) in the starting combustion section 7 is continued. And after 
carrying out the preheating of the gas for fuels, it sends into the body 2 of a fuel cell. 
[0096] Furthermore, in the generation-of-electrical-energy condition of the fuel cell of a stationary that the 
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generation of electrical energy of a fuel cell progressed, the calorific value of the fuel cell itself becomes 
enough. In that case, oxidation reaction (the above-mentioned formula (1) = combustion) in the starting 
combustion section 7 is lessened. And oxidation reaction and recycling (fuel circulation line 58-fuel ejector 
6 course) of the fuel exhaust gas which is exhaust gas of the fuel gas from the body 2 of a fuel cell perform 
the preheating of the gas for fuels. 

[0097] The steam in oxidation reaction and the steam generated in a fuel electrode side with a generation ot 
electrical energy with the body 2 of a fuel cell are used for the moisture in the above-mentioned steam 
reforming (the above-mentioned formula (2)). The water vapor content in oxidation reaction is calculable 
from the above-mentioned formula (1) from the amount of the oxygen which causes the oxidation reaction 
in the starting combustion section 7, and methane. Moreover, the water vapor content accompanying a 
generation of electrical energy with the body 2 of a fuel cell is calculable from the reaction formula in a 
bottom-type (3) fuel electrode with the electric energy of the generated power. 
02-+H2 <=>H2CH-2e- (3) 

[0098] It controls by the control section which is not illustrated so that the calculated water vapor content 
turns into a water vapor content required for steam reforming. If there are many water vapor contents, 
oxidation reaction in the starting combustion section 7 will be decreased (the amount of air supply to the 
starting combustion section 7 is decreased), or it will control decreasing the amount of recycling from the 
fuel electrode of fuel exhaust gas to the starting combustion section 7 etc., for example. Moreover, if there 
are few water vapor contents, oxidation reaction in the starting combustion section 7 will be made to 
increase (the amount of air supply to the starting combustion section 7 is increased), or it will control 
making the amount of recycling to the starting combustion section 7 increase from the fuel electrode of fuel 
exhaust gas etc., for example. Moreover, fluctuation of the temperature (it measures with a fuel temperature 
a total of 1 1-1 and an air thermometer 11-2) and the pressure accompanying it (it measures with a fuel 
pressure gauge 8-1 and an air manometer 8-2) is adjusted so that it may become a suitable value suitably 
(after-mentioned). 

[0099] Although the ratio (= steam / carbon ratio) of the steam of left part and the carbon in methane in the 
above-mentioned formula (2) is 1:1 here, it is usually carried out by 3:1-5:1 from the capacity of a catalyst, 
relation with relation (bottom type (4)) with a water gas shift reaction, etc. 
CO+H2 0->C02+H2 (4) 

Therefore, the moisture content to control is controlled to go into the range of steam:methane -3:1-5:1. 
[0100] The starting combustion section 7 is installed in a fuel system gas line, and it becomes possible to 
adjust the steam / carbon ratio of the fuel electrode inflow gas for internal reforming by adjusting the air 
flow rate supplied to the starting combustion section 7, a fuel gas flow rate, etc., without using a condenser 
etc. Moreover, it becomes possible to adjust the steam / carbon ratio of the fuel electrode inflow gas for 
internal reforming also by adjusting the amount of fuel emission which installs a fuel gas ejector and is 
recycled to a fuel system gas line. 

[0101] As mentioned above, the starting combustion section 7 is installed in a fuel system gas line, and the 
air flow rate supplied to the starting combustion section 7 is operated with the concentration (an oxygen 
density is measured with a concentration meter 9) in the inlet port of the fuel cell section 1 . Thereby, 
operation of oxidation operation which supplies oxygen to a fuel electrode side, fine oxygen operation 
which stopped the oxygen density, reduction operation which does not pass oxygen at all is attained in 
permutation gas, such as nitrogen, without requiring supply ****** equipment. 
[0102] Also in the generation-of-electrical-energy condition of the fuel cell of the above-mentioned 
stationary, the amount of supply of the gas for fuels and air is controlled so that the difference of the 
temperature (it measures with the thermometer 11-1 for fuels) of the gas for fuels in front of the body 2 of a 
fuel cell and the temperature (it measures with the thermometer 11-2 for air) of the air in front of the body 2 
of a fuel cell does not become larger than the values (for example, less than **10 etc. degrees C etc.) set up 
beforehand. That is, when the gas for fuels is an elevated temperature, or it extracts the flow rate of the air 
supplied to the starting combustion section 7 which reduces the amount of the fuel exhaust gas which 
extracts a fuel gas ejector flow-rate-controlling valve to a fuel electrode side, and is recycled via the fuel 
recycling Rhine 58-fuel ejector 6 from the fuel electrode of the body 2 of a fuel cell and suppresses 
oxidation reaction, the measures of reducing an air flow rate to an air pole side are taken. On the other hand, 
when air is an elevated temperature, or it increases the flow rate of the air supplied to the starting 
combustion section 7 which increases the amount of the fuel exhaust gas which opens a fuel gas ejector 
flow-rate-controlling valve, and is recycled from the fuel electrode of the body 2 of a fuel cell in a fuel 
electrode side and promotes oxidation reaction, the measures of reducing an air flow rate to an air pole side 
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are taken. 

[0103] Similarly, also in the generation-of-electrical-energy condition of the fuel cell of the above- 
mentioned stationary, the amount of supply of the gas for fiiels and air is controlled so that the difference of 
the pressure (it measures with a fuel pressure gauge 8-1) of the gas for fuels in front of the body 2 of a fuel 
cell and the pressure (it measures with an air manometer 8-2) of the air in front of the body 2 of a fuel cell 
does not become larger than the values (for example, less than **10 etc. cmAqs etc.) set up beforehand. 
That is, when the gas for fuels is high pressure, or it extracts the flow rate of both the air supplied to the 
starting combustion section 7 which reduces the amount of the fuel exhaust gas which extracts a fuel gas 
ejector flow-rate-controlling valve to a fuel electrode side, and is recycled via the fuel recycling Rhine 58- 
fuel ejector 6 from the fuel electrode of the body 2 of a fuel cell, and the gas for fuels, the measures of 
making an air flow rate increase to an air pole side etc. are taken. On the other hand, when air is high 
pressure, or it increases the flow rate of both the air supplied to the starting combustion section 7 which 
increases the amount of the fuel exhaust gas which opens a fuel gas ejector flow-rate-controlling valve, and 
is recycled from the fuel electrode of the body 2 of a fuel cell in a fuel electrode side, and the gas for fuels, 
the measures of decreasing an air flow rate to an air pole side are taken. 

[0104] The fuel cell system of this invention enables it to operate a fuel cell system, without requiring 
equipment for permutation gas like nitrogen. And reduction and low-cost-izing of facility cost can be 
attained. 

[0105] Moreover, the temperature and the pressure of the fuel gas supplied to a fuel cell and oxidizer gas are 
controllable by the fuel gas and oxidizer side according to an individual by the fuel cell system of this 
invention. That is, it becomes possible to raise the controllability of a fuel cell. 

[0106] Furthermore, it is controllable by the combustion section which prepared supply of the steam in the 
internal reforming reaction of a fuel cell in the fuel gas and exhaust gas side by the fuel cell system of this 
invention. That is, a steam can be used more effectively and it leads to improvement in effectiveness. 
[0107] Moreover, it becomes possible by taking out exhaust heat of the above-mentioned fuel cell from the 
warm water heat exchange section 14 to construct the cogeneration system which carried out the combined 
harvester and thresher to the facility using exhaust heat. As a facility using exhaust heat, they are heat pump, 
an absorption refrigerator, a boiler, a heat exchanger for heating, etc. 

[0108] Moreover, it is also possible to take out exhaust heat of the above-mentioned fuel cell as a 
combustion gas of the exhaust gas combustion section 12, and to introduce it into a gas turbine. 
[0109] 

[Effect of the Invention] By this invention, equipment of a fuel cell system and a cogeneration system can 
be reduced, and the miniaturization as the whole facility and low cost-ization are attained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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io (8-i) <7>ffaafe*-e*>5i8»ff*ffi4:, me^suE 

^Iff (8-2) (7>W-a9fe*t?fc5^»BE*«ima<5V^ 

\^1ti£ElTbftZ> x me*sfi-*^Rt«tre«.2» 
[0030] ^B^o^m^v-x^Aii, me 

(H^-er-f) fi, mee»j««Bffi (7) nMtstifi 
«3|sf^a:memiKft?pj^^ffifit-s<sv^T, me 

[0031] w^^wtiv/xfAit me 
rtspKsrsp (H*ii-r) tt, mmmmmm d) 

[0 0 3 2] iBWHSr^-t-Sfcfe^JIHoa^ai 

•ft^Kswwffi^^T 1 ^ (isi) t. Btia»fit»^^f 

[0 0 3 3] 

ffll^Tt&Pjl1-3o **1S«IC*5V^T, i&*K:J:*#ilft?U 
[0 0 3 4] sjcJSBB-CfcSJIISWBft^^ Aftt/a v*^ 

[0035] mm. mnmrnzmm L,tz=ns** 

2 . MmfiKff- ll-l X^««aS«- 1 l - 

n^i/n?? 6, /^njy h^glffl5 2 9^^-f 
aS3 0S:*i-5jfi»«S»»7, If 1 0 , 

JE^fh8-i, ig^f+9£iMi-r6c> ^tt, SB^^L 

»«7-f>A3 1. M«7^^B 32, 1 
S«7^yC3 3, »«7^VD3 4, 
•7^>E3 5, «S«7^fVF3 6, ^^7-T> 

so G37 s m*m£ s 7<t 3 s , mnm^9-f > i 3 
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9, »4«i7>fy58^me 

[0 0 3 6] jg»«S«l« 7 Ofitt^ 7 

o y VmW&lfoft 2 5 , &W}^&&7 T>26. 
fift£^«i£# 2 7, /^ny 28, 

t x sf^it, gi»^7^yA5 i. fini*** 

ftg7^yB52, e»S«M7>fyA5 3, fift£ 
*««9-fVB5 4, 8»S*«»7>fyC5 5, filb 

[0 0 3 7] iMk*j3lf^Hii<OMftffl^5^^ 

tt, ^«7rvi 5, £«t«&#i 6, -Or-? 
£ft#£Pffii7, 36*^**13, ^^y^»*P«Bl 

H-8-2^r^{ii-5 0 tit, ISf^LT, 
^yA59, SSft»7^^B6 0, S«R»7>f>'C 
6 1 N $**»7^VD6 2. S««ft7^yE6 3. 
$«*»7^^F6 4, a««87^G6 5, £Jaf& 
^7^>H66, $«««7>fyi 6 7 3 0 

[0 0 3 8] S^^ftiaB!l510^^7>r>*±. # 20 

1 2. 3 (mkm#xmt& 

#*^v*aL**«tSI#2 3, i^xi;x^^2 4, jft 
2 2, VJIUimtirasl 9, « 

^7^>A40 S *^7>f>'B4 1, i^7^V 
C4 2, »^IS7^^A4 4, ##**MMIt7>f 

>B4 5, m^^wmm^^ocAe, mtf^wum? 
7^yF49, rnxxwrnmr-oGs o. 30 

^7^yA68, i«fW7>f>B6 9, 
A 7 OSrjyrTSo 

[0 0 3 9] JD8»«»^ov^r»*i^lftW"rSo 

BC«r»l3Ei-SllR»ia«W- 1 l - l RtfffiftiftAtt i l - 
2Sr^tp 0 ^tt, JB»m»*ff2^6>m*«:tt9ai"t- 

[0040] m&nm*» 2 « % jftftwiuv 1 k** 
ti, mmft? 4>H3s, mmte?<< > 1 3 9 . m 

^«7^VH6 6, ^^7^^I6 7©Wfn 
>H3 8g*T*«m#*«:, ^«ft^7^>H6 6ift 

fc5o 50 



10 

[0 0 4 1] i-fcfr*>, «W4«ii, 

silt, &m\zmmirz7kmk-m<kmmb&^tt# 
**'&%tzfr(DMm&mzm-tz> 0 *nmmx&, mn 

So y-Jr^/ftffft^^^T (Ni/YS 

Z) . h (L a 0. 9 Sr 

0. 1 MnOa) , SffiSte^^fcv^^T (Y S 

[0 0 4 2] fc*5, 7k*KSW s ft^»£\ «Jft«<WUl:fc5^ 

[0043] mm&wmw* (±i$.£titc7kM^ 
m@im<v&m*?x) (iM«7>fyi 3 9ssr% a 

[004 4] MSftSAft 11-Ht -< >H 

[0 0 4 5] fcfc, «S»#^BBil^«SW*^^7>rv 

5 e jbiwi&ib 3 «^ mmmny^ >a 3 1 o-^ai^ 

[004 6] 4 tt. -*fe«*Wae9 -f ^A 

3 1^te*ffl5lC. jft*«r*««j|e7-< >B 3 2 0-«B» 
i:ft»Lt^Sc *RW«t*&«fP3^bfi»«S«l«P7 0^>r 

>mmu 3 0 (us) &t«is»«?fc«B 1 ^<ommx*<n 
«t«&sr«yw-t-s#T?fc6o «swflaejB3-c<owffi 

[0047] mif^mmmn 5 ^> jrsejms-c* 

5 D (SMflJtt. -**l»W^«*7>fyC3 3 (-J8 
n&jBWtfxm&yJ^B 3 2^f&5B«^tl^^sa» 

^M7^^D 3 4(0— JBfflJ^SIRbTV^o AiB.1R 
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II. >F 3 6 (-ftBS&£fMB 

«»7|::«M» oflMMSKSttU 

7^yG3 70-a:giir^5o «f*fl»&SB3 4: 

#*B ( A 2 
7^yD340ttJWi:»l(U 

as) ottjBft^saKu-ci^s. 5 a> 

tf. B^x^^jli#2 2 («%) KJ;!>#J» 
[0 0 4 9] filhMSKA7(2 % /<>f h«S«B«P2 9S: 

-f 3 o «: jwrr a. »»^^xt«Mk;*lxf 

[00 5 0] /^oy h«S*ffl 2 9 

#28 ^-«»SrJ^S*ifcfi»§fi«tW&9>f >-E 5 7 

S 0 *fc, '<>f n -/ hM#KKtt#2 5 ^-«S»S:'»«KS 
llf:giW«7>fVB 5 2^ft&fiB«BtSJ*U 
^ofMe«:S*t6. ^UT. ^CSCt, 

^5Sft«r^°-^i--5o * >T ^«&8SR5 3 0 

[0 0 5 1 ] ^ V-JjRttSP 3 0 tt, 

t^>r^-t-««iu ^ffl^/^B^^^^-a 
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»#2 7^-JBWS:«aE$*LfcfittS*«l&7>f >C<D 
^t!lffia5i-ggELTV^So ^tt, ±E«S«W>BKI;:, 

^tii^ttSo 

[0052] ::t, e«««a;7«c»»$*LSfflfta 

10 i^x^x^^SI#2 2, »^Bii7 7 V2 
1. fi»£ft««S# 2 7 . je»Sft«j»&7TV2 6. ^ 
>fpy 2 8. ^ n y h 2 5 , 

K* «Ms|««l«R5 1 IwASMtroffiSft 9 ^SO^fitt-S^ 

^y^fHfWifr^P ID*JWife^J:0«yW«:tT*5o 
[0 0 5 3] ^ffi^^tc-^S^^^r^A 

9^<fc9^if§«&£iS8IU »*2FJ£<D*frfc:«u £M 

^77^26, xi>yh 2 8 SrilSO^WJ 

#22, #2f *W«t7 7^2 K /Mny h«RJ|Sf««& 

Lt, JB»ffl^*oiHlf»«*:iiliP*-frSwi*s^r<B 

^m*s 0 

30 [0 0 5 4] n&ma&Att 10I1 i: K^#J 

^«7^yH6 6i:gt^titv^ 0 ^tt, «S<sf« 
WiiasBi^tt^^yGS 7S*^»ffl 

40 ^ m&m * m * s « /j> * < -r s * ^ »sift»-c *> 

So tit, J»»«»©«S1WRtfffi«MIB^a*86*: 
[0 0 5 5] HR»ffi*tt-8- ltt, W«7^>H3 

8 <D&*<DmmmtsM 1 ©iEW-fc*. 1 ^ 

T'feS 0 m^EE^ft (JSttHL ffi®*> 

To 0 5 6] mmn 9 mm®*?* 3 s <o^^ 

50 i^«S^«ffeSfpi(Oi£«lJ:fc6o JR»«»»ifcASi«M 
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[0 0 5 7] fi»J|IMft»7 0fi»*^7>f v 

-<V) icoVvcttBHi-*. fiiS*ft»7r >2 6li, 

^ftl&7^A5 3i:-J^U ffc#«:fiibffift 
^7-fyB5 4(D-»giiLTV^^, 0 10 
fl«e«flS^bSft«:3l*a-r7T^'Cfc5. ^t^IhME 

[0 0 5 8] /^oy h^m**&# 2 8 f± % -«8aJSrfi 
>L> 5 6 ^-*SrSa*U, te#*fi»38ft«*&9 

^2 6i9z»A*ttS^»^je»^«E«fB7<0^>f h 
«S«I»2 9^o«i»4riB1ip-f -5#-C«>6. B*L*VMW 20 

[0 0 5 9] ^07 2 5 f*, 

»w«7^va 3 * kissr £ titzmmmnw& ? << 

5 2<0-^KffiRLTV>* o ^^**&95 3^bfiS)^ 

»BE-f-*«MBfc*-rS. /<^ny h»|BHIb»#4 

[0 0 6 0] tSLto&tm&# 2 7 -iS«R5S:je»Sei 30 
««7r^26 ^»tt*Jxfcfi»ffi«»i»9>r ^B 5 4 

$ tt 5 £«<og»«&86a5 7<d*-( >mmu 3 0 ^<£>tfcg& 

So 

[0061] ftK, iMfc*i#*Hii©IMfc*J*#*7^ 

5 9 Id— U i&Jj J^B 6 0 
[0 0 6 2] 1 6 tt, fl&«S»S:^««jS&7 r 

> 1 5 ^«RSixfcfflft«*67>r >b e 0 
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[0 0 6 3] >f V^-*ffi«*Sl««l 7ft. f»SE»«"C 

LTV>So SimffiJli. -M$«ft»7>f>'E6 3(Oi 

8«Ltv^. 6*&©ffi«r. £«Hfc 

SB13 («Jfi) firSALfciKa«>ffi«j:MSEftL« #m 

[00 6 4] ^Si^HRSis 1 3 te, JRSSUHI-Cfca. 

i*ta*ft»7-f>E 6 3<0-»SB^gEjRbTV^ 0 

tt#3tf^«M«»l 2KSNW fcSOHU 7 

-f>B4 lcD-^gp^^LTV^o 'fV^— 

SiSfBi 7<Dffi*«<D38**r. #^«MS»7 ^ 

[0 0 6 5] x^y^ftaUBJi 8ti, — *«rffi«#M&7 
^yF6 4©ffifflfc tt*fcS««»7^^G6 5 CO 

1 7<Bi«»«tf>£*«:, MIttll:SAL, hs^ii 
[00 6 6] ¥¥^JRS5*» 1 0 

2 fit, ^«7^yH6 6(D^^<7>J)R^«»»1^5fi 

[0 0 6 7] »^fflaB8it^#*^3R^^7-f 
SMS^ V I 3 9 OffiflSffl, at^sft^^^ > I 6 7 

ic, 2T»*a?fts*«»3tf^*:iiai* 
^sfcfet-. s^^^-r va4 o<^— *&u'BLTmjf*y 

<b»*^-r5) tztb\^4rte?o *S«l5lf^tt, mtfx 7 4 

va4 otasuTffljn^HKrtBi 3^>#fflsn5o 

f [p 0 6 8] ^St^lRSP 1 3 (K{kffl^^«Jt*ai) 



(9) 



^20 0 3-5 9 5 1 9 
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[0 0 6 9] WX*W&my 
VB4 5fcS»L"0*3 0 ^»IC#H1SJ15*I(I»^ 

oi»tfflv^, * ^ 3 o\zx$mmis*B*: 
mff^msmi 2<n&mv>tztbcD$>n. 20 

&M&&i&< LNO x Srte»S-fr5fc«)Httffl.Sti5o 

[0 0 7 0] SW^x^x^^Si#2 3ll -SBSBS: 
#^S«ai9-f ^B4 5<0^*^»KL.fc#^?¥l| 

WmmyJ VD4 7MgHKLT^5 0 W1S*=.i?~9 9 
2 4 dSKVNffl-fft^o**:, i#*«Ktt5«S 

60 30 

[0 0 7 1 ] x. ^2411 —jj&mtfXW 

(-wt*^7>f>c4 2tf>i£4'KgE8«) o«ymis 

^LTV^o #^B«l7r^2 1^e)#^« 
JftSfBi 2— fpj^5^^^ti^rfflv>T, JfoMKtfSlfeSB l 

2— iRi^5^oaax^gi#atf. 51 # 

[0 0 7 2] H8«.^^^3i^^*»l#2 2ti\ — 
fS7-f>G5 O^-SfflHCg^LTl^o -t LT\ % 
Sr. ^^^^7^^Kv>mi"^^fl:^S-r5fc so 
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[00 7 3] ttJftffiftfttttt 1 9 fit, tt8M8*m#7>f 
VA6 8(©-«SfflJI^»3ttLrv^o 2T* 

[0074] 2 0 tt, 

B6 9 0— «»^S«LTl/^ 0 «Sb«SfWt«&« 1 9^ 
2—<D«W^^Ott»Sr*JWi-S#T 

£\ ftJEi-aWtBtj*-*-*. »W«#2 0I1 ID 

[0 0 7 5] *8Mt'fc5«m«ft^rARt; 

[0 0 7 6] «R^m?fe^^±lf^«)f^^OV^Tlft^i- 

[0077] «»flt»oit±if ©iDJBrai, *i\ 

■ttn 1 ojiBsiiisutift*^^^^ m#x&7 

-cmfcLfltt-. ^it'tiM^oTv^^Wl 

UT. 8lt«»7^By Ml&«ft2 9T 
tajRffi £ <9 £ fifc-T 5 »# * *: fll 5 . 

[0 0 7 8] *i\ h»«#2 5^ 

ftH«*-u u^^tM^^^^ mmtf*) &m 
«t 5 i-saffl-r^. 7 r > 2 6 & 

[0 0 7 9] rjxb«)J|S«j|fcJ:S##^tt, e»^«lffl5 

7^aai*ufcji8»«»7>f >f 3 6 36* bar-, 

PJiSi"5o tUT, »3W«»*flc2 0JB»«fllS:iiD* 

ffipl 2«u SSft i MWH 3ftif^ii«9, 3E^#^ 
'X*7>f >S:iiSiilcJ:9, #«P«:^ettft^^ (fc 
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[0080] «f**^9-r> «££Kfc«&^ 

«) ^glb^SP 7 l£/hSfi(7V^ a y h&ggf® 2 9 £ 

[0 0 8 1] ttv*t\ WntW2t:UI!lt«, 
^^SrftfflfcU (DtiitH*-, ##**R*6ffii 2<o 

mz.-rz> 0 xmtftk*&k % 2 a!» 

fc* 1 2©»»iliJ:5, »E36SSfiCi- 

[0 0 8 2] CCT\ ±«B<DfiiMIR«ll»7 0»m-J: 

*s«ixSJ: 3fc*Wi-6. 

*s«JxS J: 5 |cfB»-r*. £tf^>r 

Jttf. 1 : 2±0fc*#<fc**J:5fc-t-S. i-ftb 
TK (1) *^^i-3fe±»«*s»»w«C 0, JLo 

X % IS W 7 ^ ^WMW* 2 ©MS^i 
9£tr„ ^tcj;^ 

>atw»«-*3flsaiji!i**L5 0 30 

CH 4 +202 ->2H2 0 + C02 (1) 
[0 0 8 3] K*36S*SjfefM^i-«Ott % aW<D^r_htf 

[0 0 8 4] ft^ ±1B®SN^^«S«lffl 1 2 (0»m-«t 

S«77>1 5*r»f^4*. ®^ 

l^ft«^^oT«EttS J: 5 
f-SJW-TSo ^^T\ (1) *fcJ:0£jaLfc«»*3if 

t. mmiktf*?^ ><o&*tim&m&WMi otc 
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3 3T*^Sc-1-5o «»xi;i^^ 6£»fE$i£ 

£0 ::<B»ftM::J:9, 2 «rmfcK*0#* f 

[0085] timmm*t* 2 u amino 

[0 0 8 6] iE■bJIR«I^B7^^:i3V^T^*i^5*3l^fta 

f«W^«^»a5 12HA^ e IT, ^CT'i 

llHW*2l:A5iii^^Mtlt, 

— Sur±, WiS7-Y v 5 8 - Wx^x ^ ^ 6 SST 

[0 0 8 7] ±BCD®^*5lt5*»ffl^^Xt/2SftO« 

JpfffliaSH- 11-1 t . 2 ^tttu 

<Oggft^taft (3g«ffl«*tH l-2-C«!J£) <tC0^ 

7 ^#t^5^^4^S5^xfi^^^^ffl^ 
i:5o ^m^i^^m^^t^ «R»«««-33V^ 

TO 0 8 8] 4*3, JB^Wfe**2^ittt&0*»ffl3Jf^ 

iota* («swffl«a*n- 11-1 -e$j£) <t . «s^m?&* 
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7£) ill, ^MWJ^)Il«t5:H^T'fc 

[008 9] pOSHd, ifEQCD^iott^^^^^S.U 5 

2 <DWM<»ffimmX*<n 
BE*) tt&PhE*«- 8 - 1 T-iO^) . 2 © 

iMtra>£ft0>jBEyj (S*E*H-8-2-eaS^) i:<7)^ 10 
f«)R£LT5ffl ±10cmAqKrt4 

if) if3t*#<4b*v^J:5^iW»'*-5. -Tftto^, 
MS»ffl^^WEo»*»ci4. MSWSflSI-^T. Eft 

v^T, ^fit«ft*4rii*D$l3:S. tt if i: - 

■fr*. fcifottllfrfcS. 20 

[00 9 0] ft**, Mll**2 <0*lffl<&*»fl§;*f* 
^BE^j ttRSffi^tfs-l-CJB^) i:, 2 
oHM^^m^JE^ (ffi«JBE*fh8-2-e»J5£) fcSr, 

tmm#xG>m*&* 7 

[oo9i] *fc % r.<oikRt-e»«UTv^^tt % £ 

[0 0 9 2] Wl^7>fy(:fi^5 2ool 

1U *MW>*>f ^«S86SP3 o <D*;«Hrte:/h**av< 
-f b y hjftffiffi 2 9 5 r fc T\ /<W u 5/ hfett 

§15 2 9i:^^>mt^U3 0<DtkMt LTttitSrt^ 

[0 0 9 3] _tx£<7)J:5l^ «S3|sfa;?l6*flc2^«ftAi-6 

n«Mn 7 au»3tf^*w*» 1 2 ^r^si-^o ^ ur. 40 

«S3Pf«»*fls: 2(^)APM OWHJBifiAtf H-iaV 
pHBfc*6. -t Its «»ffl*^»tfffi«©!a«Sr«IWJ 
* -ft if o^fflSfcSKSr&Efc < ft 5 0 

[00 9 4i «s»ma*#2oja**±#u soot: so 
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* (2) co^5t^ mm±x*z^<Dim^sc ! &BLfc 

CH 4 +H2 O^CO+3H 2 (2) 
[0 0 9 5] 5£ (2) OSJCli, KS^J&TfcSo 

#r-ft^4§^tcte. fiiwiwfett 7 -coitibRrt; (±e« 

(1) ) Sr«tti-5. IT, Iffffl^^flRlt^ 

«»«»**2^a9iitf. 

[0 0 9 6] JEU:* ttft«ttO««^jtA/«ft*0«m 

(±e* (1) =nem ^'>ft<i-6 0 it, mmsmh 

[0 0 9 7] ±E7K«»BkK (JUE* (2) ) K:fc5ttS 

ftKit-co*id»*tt, jiis* ( 1 ) j: 5 , e»^«Egp 

■C#S. ^fc, lBJ^«»**2-e^»m^5*3!Kft* 
ti. TS; (3) (OMt^k^J; <9 . iiim 

O 2 " +H2^H20+2e" (3) 

[0098] tmshfc*3Rft*ds. *m*gk9*£&m 

ft7K^J:i:ftS <t5^, H^Lftv^tmwas-CWWiSrfi 1 
ft^o *3R«***»tixtf, «A«t, fi«»«»7"e© 

7 — a aias:«^ $ *s ft if ©nmwsrfT* 5 . 

«S«iEffl 7 — ^>Wlg8l*S:it*P ^-^5 ft if ©M»*:tTft 

SMaSB- 11-2 -CSlJt) • EE^i (JJS^ffi^tf 8 - l 
RU«^MJE*ff8-2TJW3£) <^^ftfi> 5SSI> ii^lft 
fit^ft5«fc9^|iSi-5 o 

[0 0 9 9] nt\ ±|E^C (2) id^ott^, £iZ2?>7K 
^^^^^^^^ir^Jt ( = ^/^-^>-it) 
tt, l : ltfoS^ ttjJE^fig*^, WhK^l 
« (TS (4) ) ir^Bl^ftif^b, a» 3 : 1-5 : 
1 Xfttet>tlZ> 0 

CO + H2 o^co 2 +H2 (4) 

tSoT. 7K^^: ^^>=3 : 1~ 

5 : l«)«m;A5J:5l:*J»t5o 
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[oioo] y << ^\zmmm% 7 *wlw 

XiS*tomL/*—# >-it SrPS-f" 5 £ t & t ft 

[0101] ±&<d£i\c x mm?kx* : 7-<^\z.mhm 10 

«UfP7SrK«L, fi««M*»7^ttjei-5^*aE**, 

* «r«IW»* W»K««-r* r. £ ft < ^Ttefcfca. 
[0 10 2] ±!5*»©«»«»<o»««l»»-*5V>r 

Kmi^^fffl^^^^s (MWMfliasw- 11-1 x*m 
«) iiwma**2(oB:moffl«io!a« 20 

*tH i-2-c«S) kojfcW, ^a6iS:^LT5f{t (#1 
±l0tWi« cfc0fc*#<ftbfti^J:5fc: 

Wt 9 ^£flta*# 2 o«S»«^. & at 7-fy58 

* * * «EBI # £ HI §? «SW«ft 2 OjimSd^ & W 

[0103] RH*fcL, ±IE3fe*o*R»**<OJ8*Rt8tc 

36) fc, 2 ©i««rfl!>ffi«[Offi* (ag«UE* 

^8-2X^56) fcOlSd^ f^LTSl (Wt 40 
tf, ±10cmAq«« J: 9 < ft bftv^j; 

> 5 8 -M^^x ^ ^ 6 Irli Ltr#it6lS# 

tf*<Dmzi&mi-z>. e»«s«ffl7^ftM&i-5^«ao« 

*3Vvr\ SSL8S*S:it*DS^S, ftif©«!«*rfcS. - 
«Wxxi/x ? *ffiM#frffl£limtta*ft: 2 so 



'>£-££k ft^*Q.«Srt*o 

[0104] «^«4i^y^f Aici *9 . mm<o 

J:5ftBtfe^ffl^*S(iSrMi-5ri:ft<. «$Ht 
a^^ASriKEi-SwiriftSprtttftSo tit, Kfl 

[0 10 5] *^(OMSi^r^CJ;0> 

tana**. -rft^>^s mnmt&<Dfflffl&*fa±zitz> 

[0 10 6] Mlc. ^JgWtoJUSWWfei/^xA^J:?). 

tffcH**. i"ftt>fe, fJ*SWJffl-t-Srfc*« 
Hi*, 8h*<7)fRj±^oftdS5 0 
[0 10 7] *fc, ±EMm*a«>«HM«r, «a*f»3» 

6 B 

[0 10 8] ^fc. ±E«SWftao#JR4r. *^f^*«l 
[0 10 9] 

^^^> 3 y^f a (Df+Si^ffi ^ gy« Srff ft 5 r 
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